A multiuser Ultra Wide Band (UWB) channel suffers seriously from realistic impairments. Among this, multipath fading and interferences, such as Multiple Access Interference (MAI) and Inter Symbol Interference (ISI), that significantly degrade the system performance. In this paper, a polar coding technique, originally developed by Arikan, is suggested to enhance the BER performance of indoor UWB based Orthogonal Frequency Division Multiplexing (OFDM) communications. Moreover, Interleave Division Multiple Access (IDMA) scheme has been considered for multiuser detection depending on the turbo type Chip-By-Chip (CBC) iterative detection strategy. Three different models as Symmetric Alpha Stable (SαS), Laplace model and Gaussian Mixture Model (GMM), have been introduced for approximating the interferences which are more realistic for UWB system. The performance of the proposed Polar-coded IDMA OFDM-based UWB system is investigated under UWB channel models proposed by IEEE 802.15.3a working group and compared with Low Density Parity Check (LDPC)-coded IDMA OFDM-based UWB system in terms of BER performance and complexity under the studied noise models. Simulation results show that the complexity of the proposed polar-coded system is much lower than LDPC-coded system with minor performance degradation. Furthermore, the proposed polar-coded system is robust against noise and interferences in UWB indoor environment and gains a significant performance improvement by about 5 dB compared with un-coded IDMA-OFDM-UWB system under the studied noise models.
Introduction
In the world of wireless communication, Ultra Wide Band (UWB) is considered as an attractive technology due to its important features as robustness towards multipath fading, high data rates, improved channel capacity, low cost, low power consumption and low-complexity devices [1] . A variety of UWB systems can be designed to use the available UWB spectrum of 7.5 GHz [2] .
The traditional design approach is known as Impulse-Radio UWB (IR-UWB) which based on a very short duration pulse in transmission. Although the impulse architectures offer relatively simple radio designs, their signals are usually impaired by fading and Inter Symbol Interference (ISI) due to multipath delay spread phenomenon which in turns leads to degradation of the overall system performance. Moreover, they provide little flexibility in spectrum management [2] . Therefore, to overcome these drawbacks, an alternative approach is known as Multicarrier UWB (MC-UWB) which based on multiple simultaneous carriers in transmission is introduced. In this type Orthogonal Frequency Division Multiplexing (OFDM) technique is employed to transmit information using orthogonal carriers [3] .
Regarding to a multiuser UWB indoor environment, the performance is mainly limited by inherent noise and interferences as Multiple Access Interference (MAI) and ISI which are poorly approximated by a Gaussian distribution because of their impulsive nature. Therefore, Gaussian approximation is inefficient for UWB systems. Several alternative distributions for approximating impulsive noise in UWB systems are introduced and compared [4] [5] . These distributions have in common heavy tailed behavior of their probability density function (pdf) that considered more realistic than Gaussian distribution [5] .
For multiuser detection in UWB indoor environment, a recently proposed spread spectrum multiple access scheme, Interleave Division Multiple Access (IDMA) was introduced in [6] . In this scheme, each user's chip sequence is interleaved by a user-specific distinct random interleaver which in turn reduces the MAI from other users. Furthermore, a simple Chip-By-Chip (CBC) iterative Multi User Detection (MUD) strategy is used at the receiver. These interleavers are considered the unique feature to distinguish between users for IDMA system [7] . Chip interleaving was first introduced in [7] to mitigate the burst impulsive noise disturbance. Moreover, IDMA features are: suitable for wide or narrow band transmission, low receiver cost, high power and spectral efficiency, diversity against fading and flexible rate adaptation [7] [8].
Recent papers investigate the combination of OFDM and IDMA to avoid their individual disadvantages [9] [10]. The results prove that OFDM-IDMA system inherits so many advantages over other alternatives such as robustness against MAI and ISI, and ability to handle the whole burst errors caused by impulsive noise in multipath channel. Moreover, OFDM-IDMA system has the ability to allow frequency diversity with the help of efficient Forward Error Correcting (FEC) coding technique. [12] . Furthermore, LDPC coding technique has been combined with IDMA scheme based OFDM system to overcome the multipath channel imperfections efficiently and improve the performance as described in [13] . But on the other hand, the main challenge in any Broad-band Wireless Access (BWA) system is to transmit an error sensitive application data with a good trade-off between the performance and complexity. So, in recent studies, many authors are aware of the role of different coding techniques on system performance.
Recently, Polar codes are presented as an active research which are firstly proposed by Arikan [14] using a channel polarization concept [15] . Polar codes are considered as a capacity achieving codes with straight-forward construction, very low complexity of coding and decoding as well as the non-universality cha-
Therefore, Polar codes will be employed in this paper, as a channel coding, with IDMA scheme over OFDM based UWB channel corrupted by non Gaussian (impulsive) noise. Moreover, a comparative study is held between the proposed polar-coded IDMA OFDM-based UWB system and LDPC-coded system in [18] to clarify the trade-off between the system performance and complexity under the studied Gaussian and non-Gaussian noise models.
The remainder of the paper is organized as follows: Section 2 presents the UWB channel and noise models. Section 3 describes the Polar-coded OFDM-IDMA-UWB system model. The simulation results of the proposed system are introduced in Section 4 and finally Section 5 concludes the paper.
UWB Channel and Noise Models
The design of any communication system depends on studying the characteristics of the channel and noise nature. Indoor UWB environments are subjected to multipath fading and impulsive noise which have a strong effect on the system performance assessment. Hence, the accurate modeling of channel and noise is a very important issue. Such models create the facility for calculation of large and small-scale characteristics which are necessary for efficient system design [19] .
UWB Channel Model
The standardized channel model for indoor UWB environments has been proposed by the channel modeling subcommittee of the IEEE 802.15.3a Task Group.
Such model is a modified version of the Saleh-Valenzuela (S-V) model, where the Rayleigh distribution of the channel coefficient amplitude is replaced by the log-normal distribution [20] . Four different channel models (CM1, CM2, CM3, and CM4) based on the average distance between transmitter and receiver, as well as the propagation conditions were specified by the IEEE 802.15.3a sub- 
Impulsive Noise Model
The wide spread of electronic devices in indoor environments causes high level noise impulses as a form of the non-Gaussian noise [4] . That is, their pdf have heavy tailed behavior and go to zero more slowly than a Gaussian pdf. The noise in UWB channel can be modeled as [21] :
where n is the total noise and can be divided into a n which is background (AWGN) noise with zero mean and variance σ . Impulsive noise I n can be accurately modeled by three different models, symmetric alpha stable, Laplace model, Gaussian mixture model, which will be introduced below.
The Symmetric Alpha Stable Model
According to [22] , the Symmetric Alpha Stable (S∝S) distribution can be completely determined by two parameters: 1) a characteristic exponent
which indicates the characteristic of the tail of the S∝S distribution; 2) a divergence (or scale) parameter
γ ∈ ∞ which is analogous to the variance of the Gaussian distribution. One difficulty of the S ∝ S distribution is that they have no closed-form expressions for their pdf
Cauchy distribution) and 2 ∝ = (i.e., the Gaussian distribution). The pdf of any random variable r at α = 1 (Cauchy detector) can be defined as [23] :
where μ is the location parameter of the distribution.
The Laplace Model
The pdf of any random variable r of the Laplace noise model is given by [24] :
where μ is the location parameter (mean), and C is the scale parameter
) and its value is always positive. By varying the scale parameter C, different tail behaviors can be obtained [24] .
The Gaussian Mixture Model
A simple two term mixture pdf of any random variable r is given by [25] [26]: 
Polar-Coded IDMA-OFDM-UWB System Model
The proposed Polar-coded IDMA OFDM-based UWB system model for multi-user communication scenario is depicted in Figure 1 .
The Transmitter Structure
For simplicity, synchronous BPSK signaling is considered over time in-variant multipath channel. For the user-k, the information data sequence
length D is encoded using polar encoder into a coded sequence k c of length N. A polar code can be completely described by three-tuples (N, D, Ƒ), where N is the code length in bits, D is the number of information bits encoded per codeword, and Ƒ is a subset of
The construction of polar code depends on the choice of the subset Ƒ. This is corresponding to the selection of best D bit-channels among N, in terms of the For simplicity, the symbol mapping process is not shown in Figure 1 operation, where the total number of subcarriers for OFDM transmission is denoted by c N . In addition, a Cyclic Prefix CP of length g L , assumed to be larger than the channel length, is inserted to prevent ISI and ICI [11] .
As a result, the time-domain data sequence, including CP, has the form:
where , k n x is the modulated data of the OFDM symbol of the user-k which is mapped to the n th sub-carrier. The OFDM signal k v is transmitted through the multipath channel. It is assumed that the multipath channel impulses of each user,
, are stationary in a frame period and mutually independent, where L denotes the number of resolvable paths. The output signal ( ) r j at any time instant j is a linear superposition of independently symbols for each user. The output of multipath channel is written as [11] :
where * denotes the convolution, k h the UWB channel coefficient for user-k and ( ) ( ) ( ) a I n j n j n j = + the total noise.
The Receiver Structure
The turbo-type iterative receiver structure of the proposed system is depicted in and a bank of k single user A Posteriori Probability (APP) decoders (DECs) [13] .
Successive Cancellation Decoder (SCD) of polar code, has been introduced to achieve desirable performance and complexity trade-offs [14] . At the receiver side, OFDM demodulation is carried out before iterative MUD process [10] . The received signal in frequency domain after OFDM demodulation, CP removal and FFT operation, can be expressed as 
, FFT of ( ) n j , are samples of noise [11] .
The received signal ( ) R j is processed iteratively by means of ESE and DECs functions which discussed as follows.
The ESE Function
The ESE performs coarse chip-by chip estimation. Re-write Equation (7), the received signal at time instant j is: 
Pr 1| log Pr 1| exp 2 log exp 2 2 , 
2 2 log ,
The Cauchy detector has been used as a suboptimal detector to model the impulsive noise only with a robust performance, but it is still complex because of the need to calculate the log operation [17] . For Laplace model, the case in which the noise samples 
Laplace distribution has been used as a good approximation for impulsive noise also with complexity lower than Cauchy model since it needs to calculate the sum operation only. For GMM distribution, the case in which the noise 
GMM is considered an excellent fit to simulation because it can adapt between AWGN and impulsive noise but with high complexity since many parameters and operations need to be estimated. After the end of ESE process, The
which is delivered to DECs part discussed as follows.
The DEC Function
The DECs in Figure 1 
As discussed in Equation (10),
Var x j will be used in the ESE to update the interference mean and variance [11] . The effect of impulsive noise is regarded as interference. Due to random interleaving and de-interleaving process, the impulsive noise is spread out over the interleaving block. These interleavers disperse the resultant sequences so that the adjacent chips are approximately uncorrelated, which facilitates the simple chip-by-chip detection scheme. This iterative process is repeated a preset number of times. In the final iteration, the DECs produce a hard decision on information bit which is decoded by Polar decoder. The iteration number can be adjusted depending on the system requirements and computational power [11] .
Simulation Results
In this section, the simulation results demonstrate the performance of Po- The simulation parameters are summarized as follows: Each user data length is 128 bits, Polar encoding is applied with rate = 1/2. FFT size = 256 and cyclic prefix = 32 was added to each OFDM symbol block to avoid the effect of inter-chip interference. A common length-32 spreading sequence is assigned to all users, and a randomly generated chip interleaver is allocated to each user. The maximum iteration number of IDMA receiver is 3. The simulation is performed for (1 -32) users. It is assumed that all users initially are synchronous with equal power allocation. The receiver is assumed to have perfect knowledge of the channel state information. The simulation has three cases: The first case studies the BER performance of the proposed polar-coded IDMA OFDM-based UWB system for multi-users (k = 1, 8, 16, 32) under Gaussian and non-Gaussian noise models. The second case presents the performance and complexity comparison between the proposed system and LDPC-coded IDMA OFDM-based UWB system introduced in [18] under the studied noise models. Finally, the last case investigates the performance comparison between un-coded-IDMA-OFDM-UWB system and the proposed system under Gaussian and non-Gaussian noise models. Figure 2 and Figure 3 show the performance of the proposed Polar-coded IDMA-OFDM UWB system for multi users (k = 1, 8, 16, 32) under the Gaussian and non-Gaussian noisy channel effect. which is commonly used to represent the tail of impulsive noise. The results indicate that the BER performance is degraded by about 1.5 dB compared with AWGN model. The BER performance of the proposed system for multi-users under GMM effect is introduced in Figure 3(b) . The most common values used of impulsive and control parameters for GMM are η = 10 and  = 0.1 respectively. It is observed that the performance is degraded by 2.5 dB with respect to AWGN model.
Furthermore, we found that by increasing the number of users to 32, the performance of the proposed system degraded by significant amount because of increasing the MAI and inter-chip interference as shown in Figure 2 and From the previous study, it can be noticed that Cauchy and Laplace models achieves a good performance compared with AWGN model than GMM. Furthermore, they are considered a good and simple approximation for impulsive noise while GMM can adapt between AWGN and impulsive noise but with high complexity since many parameters and operations needed to be estimated.
The second case of simulation shows a comparative analysis between the proposed system and LDPC-coded IDMA-OFDM-UWB system in [18] Table 1 . But on the other hand, the polar coded system outperforms the LDPC coded system from the complexity point of view as described below.
In case of polar code, the recursive structure of channel polarization construction imposes a low complexity encoding and decoding algorithms. As in [16] , the complexity of encoding and decoding of polar codes are the same of ( ) Finally, as shown in Figure 4 (b), a comparative analysis is held between the proposed Polar-coded and un-coded-IDMA-OFDM-based UWB systems for 16-users under the studied noise models. It can be noticed that the polar-coded system achieves performance improvement within (4.6 -5.35) dB compared with the un-coded system as demonstrated in Table 1 .
Furthermore, our work outperforms the work introduced in [28] in terms of the performance and complexity. We verified that polar coded IDMA-OFDM system is robust against fading and interferences for multi-users UWB channel with better BER performance and much lower complexity compared with the system presented in [28] .
Conclusions
In this paper Polar code is introduced instead of LDPC code in IDMA-OFDM based UWB system to mitigate the interferences and reduce the complexity.
Moreover, a comparative analysis is held between the two systems from the aspects of performance and complexity using non-Gaussian approximation for the interferences which are more realistic for UWB system.
The comparison shows that the proposed system is robust against noise and interferences with complexity much lower than LDPC-coded system. Therefore, polar coding technique can be considered a potential candidate for the emerging 5G communications due to its reliability with low decoding complexity.
